In the last 20 years many OECD countries have adopted some form of diagnosis-related group (DRG) prospective payment system to reimburse hospitals. In Poland, hospitals are also paid fixed prices, imposed by Narodowy Fundusz Zdrowia (NFZ) according to DRG, for patients treated. The aim of this paper is to calculate, analyze and compare the costs of patient conditions within the same DRG (F72 -inguinal hernia), collate these costs and the reimbursement from NFZ with the purpose of determining the net profit and then check if it matches bigger research samples. In order to realize the aim of the paper, a comparative and a content analysis of medicals documents and financial data were adopted, and Student's t-test was performed. The Shapiro-Wilk test was applied to confirm the correctness of the research sample. The results revealed that the reimbursement for costs related to inguinal hernia treatment covers the costs of 90% of patient conditions from the research sample.
Introduction
The inefficiency of the delivery system in medical services has been a recurrent theme in criticism directed towards hospitals for a long time. Therefore in the last 20 years, many OECD countries have adopted some form of diagnosis-related group (DRG) prospective payment system to reimburse hospitals, which caused the question of the efficient use of resources to arise and cost-reducing behavior to emerge. The DRGbased payment system was first introduced in 1983 by the US Medicare Programme to remunerate hospitals for treating the elderly. The most important overall objective of the new Medicare prospective payment system was to stem the growth in hospital costs while continuing to ensure the access of beneficiaries to quality health care [Guterman, Dobson 1986, p. 97] . The DRGs are treated as a powerful tool to induce providers of health services to reduce costs, and under certain conditions to encourage increases in activity and quality [Hafsteinsdottir, Siciliani 2010 , p. 1226 . The advantages of the DRG-based payment system are reflected in increased efficiency and transparency, as well as in the reduced average length of stay; while the disadvantage of DRG is creating financial incentives toward earlier hospital discharges, and occasionally, such polices are not in full accordance with the clinical benefit priorities [Mihailovic 2016, p. 6] . Hospitals are paid a fixed price for each patient treated. A key part of prospective payment system (PPS) is the categorization of patient conditions into DRGs.
The concept of diagnosis-related groups appeared in the late 1970s (designed and developed by Robert Fetter, John Thompson, Ronald Miller, Richard Averill and Jean Freedman -scientists at Yale University in the United States). The first version of DRG-based payment system (applied in 1983 in New Jersey), called the Health Care Financing Administration -Diagnosis-Related Groups (HCFA-DRG), contained 493 groups. DRGs are categories of patient conditions reflecting similar levels of hospital resources required to treat these conditions. The main variables used to assign the patients to particular diagnosis-related groups are: primary diagnosis, secondary diagnosis, intervention and procedures, age and gender -all routinely available from hospital medical information. At admission, every patient is therefore assigned to one of the DRGs taking into account medical diagnosis, and thus, the method of treatment (applied medical procedures, prescribed drugs, etc.), as well as hospitalization costs (resources demands and associated costs incurred by a hospital) [Macuda 2015, p. 331] . Each DRG bears a weight, reflecting the average cost of patients in the given DRG relative to that of the average patient reimbursed by the system. The price for each patient treated is obtained by multiplying the relevant DRG weight by a fixed monetary value. In Poland, Narodowy Fundusz Zdrowia -NFZ (National Health Fund) introduced a DRG-based payment system -a new form of contracting and financing of the medical services -on 1 July 2008 [Zarządzenie Prezesa NFZ z 11 czerwca 2008; Komunikat Prezesa NFZ z 23 lipca 2008]. The NFZ performed the valuation of DRGs (point system -each group was assigned a number of points, the value of one point amounts to 52 PLN). The DRG tariffs (prices) are equal for all types of providers, regardless of the region where they operate, and are supposed to cover all, or at least the majority of hospital costs, including overheads and administrative expenses.
There is no doubt that the pricing of medical services applying DRGs is transparent, hence the value of received net income from the sale of medical services is well known to hospitals. While contracting medical services with NFZ, hospitals identify the types of medical services to be provided and the population to be served. These contracts constitute a starting point to planning, budgeting and controlling a hospital activity -three phases of the management control system. The third phase represents a feedback mechanism in which plans (in the case of costs related to health services, their maximum level is set up in advance by NFZ as DRG tariffs) are compared to their realization (in relation to real costs incurred in the process of providing medical services). The importance of measuring the profitability (which ultimately contributes to overall hospital profitability), cost and revenue sources of individual patient condition is highlighted in papers related to the costs of medical services [Popesko et al. 2015, p. 50] . For hospitals to survive they must generate fair profits, therefore finding outliers may facilitate increased profitability [Okada et al. 2014, p. e211] .
The aim of this paper is to calculate, analyze and compare the costs of patient conditions within the same diagnosis-related group, collate these costs and the reimbursement from NFZ with the purpose of determining the net profit on the example of a particular DRG -F72 (inguinal hernia) and then check if it matches bigger research samples. In order to realize the aim of the paper, a comparative analysis and a content analysis of medical documents and financial data were adopted, and Student's t-test was performed. The research sample is composed of 22 patient conditions assigned to F72, according to DRG classification. This sample represents one full month of data from 2017 collected by hand from a particular hospital. The Shapiro-Wilk test was applied to confirm the correctness of the research sample. Inductive reasoning was adopted to develop conclusions. The calculations related to the tests and outliers were done using RStudio Software.
DRG prices and costs comparison using the example of inguinal hernia
An inguinal hernia occurs when tissue, such as part of the intestine, protrudes through a weak spot in the abdominal muscles. An inguinal hernia is not necessarily dangerous. However, it does not cure on its own and can lead to life-threatening complications if it is not treated. An inguinal hernia repair is a common surgical procedure. High quality data related to the cost of a patient condition facilitate effective decision-making by hospital management [Popesko et al. 2015, p. 50] . The structure of costs related to the treatment of 22 patients assigned to DRG F72 is presented in Table 1 .
The NFZ established the valuation of DRG F72 as follows: the number of points assigned to inguinal hernia is 51 and the value of one point amounts to 52 PLN, thus the reimbursement is equal to 2652 PLN. In Table 2 costs and prices are compared, and the net profit is calculated for each patient condition.
Figure 1 presents a histogram of costs for 22 patient conditions. The frequency (the number of patient conditions) is as follows: 6 in the range of 0-2000 PLN, 10 in the range of 2000-2500 PLN, 3 in the range of 2500-3000 PLN, 2 in the range of 3000-5500 PLN and 1 in the range higher than 5500 PLN. 
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Clinical outliers can be defined as a case that is highly deviant compared with other cases in the same disease category, while financial outliers can be regarded as cases for which the index value differs greatly from that of other cases in the same disease category [Okada et al. 2014, pp. e210-e211] . The meticulous analysis of cost outliers allows to identify clinical factors which influence the increase of costs incurred in the process of providing particular medical services [Conney et al. 2003, p. 30] . In order to reject from the research sample patient conditions with extreme cost values which can distort the average, lower outliners and upper outliners are calculated as follows:
lower outliers = q1 -1.5*(q3 -q1), upper outliers = q3 + 1.5*(q3 -q1), where: q1 -the value of the 1st quartile, q3 -the value of the 3rd quartile. In order to estimate mean values for the research sample related to DRG F72, to compare them with NFZ tariffs (calculated as an average value, equal for all hospitals) and check if it matches bigger samples (populations), the Student's t-test is performed. The principal assumption of the Student's t-test says that sample (1) has to include more than 50 items or (2) has to be a sample from normal distribution population. Taking into account that the research sample comprises 22 items, it is necessary to verify if the research sample is from normal distribution. In order to accomplish this, the Shapiro-Wilk W-test (the best test for normality statistic) is used. Its application is limited for sample size up to n = 50.
The variance test for normality (W-test) of Shapiro and Wilk is a statistical procedure for testing a complete sample for normality. The test statistic is obtained by dividing the square of an appropriate linear combination of the sample order statistics by the usual symmetric estimate of variance. This ratio is both scale and origin invariant and hence the statistics is appropriate for a test of the composite hypothesis of normality [Shapiro and Wilk, 1965, p. 591] . The null hypothesis (H0) is that the data is normally distributed. If the p-value is greater than the significance level of 0.05 (it is acceptable to have a 5% probability of incorrectly rejecting the null hypothesis), then the null hypothesis cannot be rejected, which is the case of the research sample where W equals to 0.92471 and p-value equals to 0.1221. Therefore, the Student's t-test can be applied for the research sample. Confidence levels in this test are expressed as a percentage. A confidence interval (CI) is a type of interval estimate (of a population parameter) that is computed from the observed data. The confidence level is the frequency (i.e. the proportion) of possible confidence intervals that contain the true value of their corresponding parameter [Neyman 1937, pp. 333-380] . If confidence intervals are constructed using a given confidence level in an infinite number of independent experiments, the proportion of those intervals that contain the true value of the parameter will match the confidence level. This means that even if the research is repeated over and over again, for a particular percentage of the time the results will match the results obtained from the population.
Taking into account the data from the research sample, the true mean is equal to 2200.92, p-value equals to 1, and the confident interval is within the range of 2058.15 PLN and infinity. Hence, NFZ tariff which amounts to 2652 PLN falls in this range. The results reveal a 95% confidence level, which means that if the research concerning inguinal hernia is repeated, 95% of the time the results will be the same -NFZ reimbursement covers all costs related to the treatment of patients from DRG F72.
Conclusion
The specific nature of the hospital is reflected in the fact that its primary purpose is not to generate profit, as it is in the case of the most economic entities, but the realization of a social mission, which is to provide high quality health services. Nevertheless, it is important for hospitals to cover all costs related to their activity. NFZ tariffs should even enable health services providers to generate a surplus in order to facilitate their development and invest in medical equipment and new technologies. Due to the fact that NFZ performed the valuation 10 years ago, there is a need to evaluate if the imposed tariffs still cover the costs incurred by the hospitals within particular diagnosis-related groups. Additionally the conditions in which the hospitals operate are constantly changing (population aging, purchase of new equipment, increase of prices of medicines, medical materials and salaries, implementation of new technologies, etc.). This comparison of costs and NFZ reimbursement should be performed periodically in every hospital. This would bring great value if the results obtained are compared amongst different types of medical services providers as well as hospitals operating in various geographical regions. Underestimation of specific DRGs observed in several hospitals would serve as a base to renegotiate higher tariffs with Narodowy Fundusz Zdrowia.
The example of DRG F72 shows that the price for inguinal hernia is calculated by Narodowy Fundusz Zdrowia in a way that a surplus (net profit) is generated. Taking into consideration the existence of outliers, this surplus can cover the loss on particular patient conditions with extreme costs' values, such as P12 and P15 in the research sample.
Hospitals should plan and then control the costs related to their activity and reduce the waste in the use of resources, particularly due to many factors which have an unfavorable influence on costs and are beyond the control of hospitals, such as the increases in the demand for medical services, the impact of new technologies, and the institutionalized nature of health insurance. Therefore, the managers should benefit from the managerial tools needed for proper control in order to rationalize the costs of health services. A management control system is useful in modifying some of the inefficiencies that exist within the health care system.
